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DQDO\VLV '\VOH[LD LV D GHYHORSPHQWDO GLVRUGHU WKDW DIIHFWV WKH DFTXLVLWLRQ RI UHDGLQJ DQG VSHOOLQJ DELOLWLHV DQG LV
DVVRFLDWHG ZLWK D SKRQRORJLFDO GHILFLW 6SHHFK SHUFHSWLRQ GLVDELOLWLHV KDYH EHHQ DVVRFLDWHG ZLWK WKLV GHILFLW
SDUWLFXODUO\ZKHQOLVWHQLQJFRQGLWLRQVDUHFKDOOHQJLQJVXFKDVLQQRLV\HQYLURQPHQWV7KHVHGHILFLWVDUHDVVRFLDWHG
ZLWK NQRZQ QHXURSK\VLRORJLFDO FRUUHODWHV VXFK DV D UHGXFWLRQ LQ WKH IXQFWLRQDO DFWLYDWLRQ RU D PRGLILFDWLRQ RI
IXQFWLRQDODV\PPHWU\ LQ WKHFRUWLFDO UHJLRQV LQYROYHG LQVSHHFKSURFHVVLQJVXFKDV WKHELODWHUDOVXSHULRU WHPSRUDO
DUHDV 7KHVH IXQFWLRQDO GHILFLWV KDYH EHHQ DVVRFLDWHG ZLWK PDFURVFRSLF PRUSKRORJLFDO DEQRUPDOLWLHV ZKLFK
SRWHQWLDOO\ LQFOXGH D UHGXFWLRQ LQ JUD\ DQG ZKLWH PDWWHU YROXPHV FRPELQHG ZLWK PRGLILFDWLRQV RI WKH OHIWZDUG
DV\PPHWU\DORQJ WKHSHULV\OYLDQDUHDV7KHSXUSRVHRI WKLVVWXG\ZDV WR LQYHVWLJDWHJUD\ZKLWHPDWWHUGLVWULEXWLRQ
DV\PPHWULHV LQ G\VOH[LF DGXOWV XVLQJ DXWRPDWHG LPDJH SURFHVVLQJ GHULYHG IURP WKH YR[HOEDVHG PRUSKRPHWU\
WHFKQLTXH&RUUHODWLRQVZLWK VSHHFKLQQRLVHSHUFHSWLRQDELOLWLHVZHUHDOVR LQYHVWLJDWHG7KH UHVXOWV FRQILUPHG WKH
SUHVHQFHRIJUD\PDWWHUGLVWULEXWLRQDEQRUPDOLWLHV LQ WKHVXSHULRU WHPSRUDOJ\UXV 67*DQG WKHVXSHULRU WHPSRUDO
6XOFXV 676 LQ LQGLYLGXDOV ZLWK G\VOH[LD 6SHFLILFDOO\ WKH JUD\ PDWWHU RI DGXOWV ZLWK G\VOH[LD ZDV V\PPHWULFDOO\
GLVWULEXWHGRYHURQHSDUWLFXODUUHJLRQRIWKH676WKHWHPSRUDOYRLFHDUHDZKHUHDVQRUPDOUHDGHUVVKRZHGDFOHDU
ULJKWZDUGJUD\PDWWHUDV\PPHWU\LQWKLVDUHD:HDOVRLGHQWLILHGDUHJLRQLQWKHOHIWSRVWHULRU67*LQZKLFKWKHZKLWH
PDWWHU GLVWULEXWLRQDV\PPHWU\ZDVFRUUHODWHG WR VSHHFKLQQRLVH FRPSUHKHQVLRQDELOLWLHV LQG\VOH[LFDGXOWV7KHVH
UHVXOWV SURYLGH IXUWKHU LQIRUPDWLRQ FRQFHUQLQJ WKH PRUSKRORJLFDO DOWHUDWLRQV REVHUYHG LQ G\VOH[LD UHYHDOLQJ WKH














'\VOH[LD LV D QHXURGHYHORSPHQWDO GLVRUGHU DIIHFWLQJ WKH
DFTXLVLWLRQ RI UHDGLQJ DQG VSHOOLQJ DELOLWLHV LQ WKH DEVHQFH RI
RWKHU QHXURORJLFDO GLVRUGHUV DQG GHVSLWH W\SLFDO LQWHOOLJHQFH
DQGD IDYRUDEOHVRFLRHGXFDWLRQDOHQYLURQPHQW >@$OWKRXJK LW
LV D GHYHORSPHQWDO GLVRUGHU WKH GLIILFXOWLHV DVVRFLDWHG ZLWK
G\VOH[LD DUH ORQJ ODVWLQJ DQG UHPDLQ WKURXJKRXW DGXOWKRRG
>@ ,W KDV EHHQ VXJJHVWHG WKDW G\VOH[LF FKLOGUHQ SUHVHQW D
GHILFLWLQWKHSURFHVVLQJRISKRQRORJLFDOLQIRUPDWLRQSUHYHQWLQJ
WKH HIILFLHQW DFTXLVLWLRQ RI SKRQHPHWRJUDSKHPH FRQYHUVLRQ
UXOHV 7KLV SKRQRORJLFDO GHILFLW LV PDQLIHVWHG WKURXJK UHGXFHG
SHUIRUPDQFH LQ WDVNV WKDW TXDQWLI\ SKRQRORJLFDO DZDUHQHVV
HJUK\PHJDPHVRUSKRQHPHGHOHWLRQWDVNV >@GLIIHUHQW
DVSHFWV RI YHUEDO PHPRU\ >@ WKH UHSHWLWLRQ RI FRPSOH[
SVHXGRZRUGV RU UDUH ZRUGV >@ RU UDSLG DXWRPDWL]HG QDPLQJ
>@ $VVRFLDWHG ZLWK WKLV SKRQRORJLFDO GHILFLHQF\ VSHHFK
SHUFHSWLRQ LPSDLUPHQWV KDYH DOVR EHHQ UHSRUWHG LQ G\VOH[LD
$OWKRXJKGLIILFXOWWRGHPRQVWUDWHLQRSWLPDOOLVWHQLQJVLWXDWLRQV
WKHVH GHILFLWV DUH KLJKO\ UHSOLFDEOH ZKHQ VSHHFK PXVW EH
SHUFHLYHG LQ FKDOOHQJLQJ FRQGLWLRQV HJ ZKHQ PDVNHG E\
QRLVH >@ 5HFHQWO\ ZH SUHVHQWHG VSHHFK LQ GLIIHUHQW
EDFNJURXQGV DQG XQGHU GLIIHUHQW OLVWHQLQJ FRQILJXUDWLRQV
VKRZLQJ WKDW WKH VHYHULW\ RI WKLV GHILFLW ZDV KLJKO\ GHSHQGHQW
RQ WKH W\SH RI QRLVH SUHVHQWHG LQ WKH EDFNJURXQG DQG WKH
OLVWHQLQJFRQILJXUDWLRQ WHVWHG >@ ,QSDUWLFXODU WKHVSHHFKLQ
QRLVHFRPSUHKHQVLRQGHILFLWRIG\VOH[LFDGXOWVZDVVSHFLILFDOO\
REVHUYHG ZKHQ WKH FRQFXUUHQW VRXQG ZDV VSHHFK FRPSDUHG
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ZLWK RWKHU VSHHFKGHULYHG QRLVHV 7KLV REVHUYDWLRQ UHLQIRUFHV
WKH K\SRWKHVLV RI D VSHFLILF GLIILFXOW\ ZLWK WKH SURFHVVLQJ RI
VSHHFK LQIRUPDWLRQ LHSKRQRORJLFDO LQIRUPDWLRQ LQG\VOH[LD
KRZHYHU WKH FHUHEUDO RULJLQV PHGLDWLQJ WKLV GHILFLW UHPDLQ
ODUJHO\XQGHWHUPLQHG
,Q WKLV FRQWH[W GLIIHUHQW QHXURLPDJLQJ VWXGLHV KDYH VKRZQ
DQ DVVRFLDWLRQ EHWZHHQ EHKDYLRUDO GHILFLWV LQ G\VOH[LD DQG





IRU UHYLHZV VHH >@ DQG SULPDULO\ FRQFHUQV FRUWLFDO
UHJLRQV DORQJ WKH SRVWHULRU UHJLRQ RI WKH VXSHULRU WHPSRUDO
J\UXV 67* %URGPDQQ¶V DUHD %$  ZLWK D OHIWZDUG
IXQFWLRQDO DV\PPHWU\ RXWVLGH RI WKH SULPDU\ DQG VHFRQGDU\
DXGLWRU\ DUHDV %$%$ 7KLV QHWZRUN DOVR FRQWDLQV WKH
SRVWHULRUUHJLRQRIWKHLQIHULRUIURQWDOJ\UXV,)*%$>@
:KHQG\VOH[LFLQGLYLGXDOVDUHFRPSDUHGZLWKQRUPDOUHDGHUVLQ
I05, H[SHULPHQWV WKH REVHUYHG IXQFWLRQDO GLIIHUHQFHV PRVW
RIWHQ FRQVLVW RI K\SRDFWLYDWLRQV LQ WKHVH EUDLQ UHJLRQV RU LQ
UHJLRQV HQJDJHG LQ RWKHU DVSHFWV RI UHDGLQJ RU VSHHFK
SURFHVVLQJ VXFK DV WKH PHGLDO DQG LQIHULRU WHPSRUDO J\UL
07*,7*RUWKHOHIWIXVLIRUPJ\UXVZKLFKDUHDOOLQYROYHGLQ
YLVXDO ZRUG UHFRJQLWLRQ >@ %H\RQG WKH PDJQLWXGH RI WKH
FHUHEUDO DFWLYDWLRQV ZKLFK DUH GHFUHDVHG LQ G\VOH[LFV
DOWHUDWLRQV LQ WKH LQWHUKHPLVSKHULF GLVWULEXWLRQ RI IXQFWLRQDO
DFWLYDWLRQ LQVLGH WKH VSHHFKSURFHVVLQJ QHWZRUN ZHUH DOVR
UHSRUWHG 3DUWLFXODUO\ G\VOH[LFV RIWHQ VKRZ GHFUHDVHG
DFWLYDWLRQ LQ WKH OHIW KHPLVSKHUH >@ ZKLFK LV LQ VRPH
VWXGLHV HYHQ DVVRFLDWHG ZLWK LQFUHDVHG DFWLYDWLRQ LQ WKH
KRPRORJRXV ULJKW KHPLVSKHUH >@ 7KHVH REVHUYDWLRQV PLJKW
UHIOHFW WKH IXQFWLRQDO KHPLVSKHULF VSHFLDOL]DWLRQ RI ODQJXDJH
UHODWHGQHWZRUNVZKLFKDUHKLJKO\VSHFLDOL]HGWRZDUGVWKH OHIW
FRUWLFDO KHPLVSKHUH LQ W\SLFDO SDUWLFLSDQWV VKRZLQJ PRUH
LQWHULQGLYLGXDO YDULDELOLW\ LQ G\VOH[LFV DQG OHVV DV\PPHWU\ LQ
JHQHUDO &RQVLVWHQW ZLWK WKLV LGHD DW\SLFDO IXQFWLRQDO
DV\PPHWU\ SDWWHUQV KDYH EHHQ REVHUYHG LQ G\VOH[LFV RU LQ
FKLOGUHQZLWK UHDGLQJGLVDELOLWLHVDWSULPDU\VWDJHVRIDXGLWRU\
SURFHVVLQJSDWKZD\VVXFKDVLQWKHDXGLWRU\EUDLQVWHP>@RU
WKH SULPDU\ DXGLWRU\ FRUWH[ >@ 8VLQJ
PDJQHWRHQFHSKDORJUDSK\0(*+HLPHWDO>@UHSRUWHGWKH
DW\SLFDODV\PPHWU\RIWKH3PZKLFKLVHYRNHGLQUHVSRQVH
WR WKH SUHVHQWDWLRQ RI D ED V\OODEOH LQ G\VOH[LF FKLOGUHQ DQG
DGROHVFHQWV 3P JHQHUDWRUV ZHUH DV\PPHWULF LQ QRUPDO
UHDGHUV EXW V\PPHWULF LQ G\VOH[LFV +HLP DQG FROOHDJXHV
VXEVHTXHQWO\ FRQILUPHG WKLV REVHUYDWLRQ VKRZLQJ D VLPLODU
SDWWHUQRI UHVXOWV IRU WKH1PJHQHUDWRUV LQG\VOH[LFDGXOWV
>@ 0RUH UHFHQWO\ DQG LQ WKH IUDPHZRUN RI WKH DV\PPHWULF
VDPSOLQJ LQ WLPH $67 WKHRU\ >@ HYLGHQFHRIDOWHUDWLRQV
LQ DV\PPHWULF VDPSOLQJ LQ DXGLWRU\ FRUWLFHV ZDV UHSRUWHG LQ
G\VOH[LFV >@ ,Q WKLV VWXG\ G\VOH[LFV VKRZHG D UHGXFHG
HQWUDLQPHQW IRU UDSLG PRGXODWLRQV LQ WKH OHIW DXGLWRU\ FRUWH[
SRWHQWLDOO\ UHVXOWLQJ LQ WKH LPSDLUHG H[WUDFWLRQ RI SKRQHPLF
FXHV LQ WKH OHIW KHPLVSKHUH ,Q DGGLWLRQ WKH ULJKW DXGLWRU\
FRUWH[ RI G\VOH[LF LQGLYLGXDOV DOVR GHPRQVWUDWHG HQKDQFHG
HQWUDLQPHQW WR UDSLG PRGXODWLRQV VXJJHVWLQJ DW\SLFDO
IXQFWLRQDO LQWHUKHPLVSKHULF VSHFLDOL]DWLRQ IRU VORZ DQG IDVW




WKH DELOLW\ RI W\SLFDO OLVWHQHUV WR UHFRQVWUXFW SHUWXUEHG HJ
WLPHUHYHUVHG VSHHFK VLJQDOV ZDV SRVLWLYHO\ DVVRFLDWHG ZLWK
WKH IXQFWLRQDO DV\PPHWU\ RI WKH SHULSKHUDO DXGLWRU\ V\VWHP
>@ DQG G\VOH[LF SDUWLFLSDQWV H[KLELWHG DW\SLFDO SHULSKHUDO
DV\PPHWU\ >@ 0RUHRYHU D IXQFWLRQDO UHDV\PPHWUL]DWLRQ
FRXOGEHVWLPXODWHG LQG\VOH[LFV WKURXJKSKRQRORJLFDO WUDLQLQJ
ZLWKPHDVXUDEOHHIIHFWVDW ERWK WKH FRUWLFDO >@ DQGFRFKOHDU
OHYHOV >@ 7KH TXHVWLRQ RI WKH FDXVDO DVVRFLDWLRQ EHWZHHQ
IXQFWLRQDO DV\PPHWU\ LQVLGH WKH VSHHFK QHWZRUN DQG WKH
SKRQRORJLFDOGHILFLWREVHUYHGLQG\VOH[LDUHPDLQVXQDQVZHUHG
DVWKHDFTXLVLWLRQRIOLWHUDF\VNLOOVPRGLILHVWKHGHYHORSPHQWRI
SKRQRORJLFDO SURFHVVHV LQ QRUPDO UHDGLQJ FKLOGUHQ >@ 2QH
DSSURDFK WR SRWHQWLDOO\ XQGHUVWDQG WKH RULJLQ RI IXQFWLRQDO
DV\PPHWUL]DWLRQ GHILFLWV REVHUYHG LQ G\VOH[LD LV WR DVVRFLDWH
WKHVHGHILFLWVZLWKWKHXQGHUO\LQJPRUSKRORJ\RIWKHFRQFHUQHG
EUDLQUHJLRQV0XOWLSOHVWXGLHVKDYHVKRZQWKDW WKHEHKDYLRUDO
DQG IXQFWLRQDO FKDQJHV UHODWHG WR H[SHULHQFHGHSHQGHQW
SODVWLFLW\ ZHUH DOVR DVVRFLDWHG ZLWK PRGLILFDWLRQV RI WKH
XQGHUO\LQJ FRUWLFDO PRUSKRORJ\ SDUWLFXODUO\ LQ WKH GLVWULEXWLRQ
RIJUD\DQGZKLWHPDWWHU VHH >@ IRUD UHYLHZ$FFRUGLQJ WR
SUHYLRXV DQDWRPLFDO VWXGLHV WKH IXQFWLRQDO DV\PPHWU\
DEQRUPDOLWLHV REVHUYHG LQ G\VOH[LD PLJKW EH DVVRFLDWHG ZLWK
XQGHUO\LQJPRUSKRORJLFDODQRPDOLHVDVVXJJHVWHGWKURXJKWKH
SLRQHHULQJ UHVHDUFK RI *DODEXUGD DQG FROOHDJXHV >@
ZKLFK VXJJHVWHG WKH H[LVWHQFH RI D UHGXFHG OHIWZDUG
DV\PPHWU\ LQ WKH SODQXP WHPSRUDOH LQ UHDGLQJLPSDLUHG
LQGLYLGXDOV D UHJLRQ LQYROYHG LQ VSHHFK DQG DXGLWRU\
SURFHVVLQJ >@ $OWKRXJK PHWKRGRORJLFDO FRQFHUQV KDYH
VLQFH FKDOOHQJHG WKHVH HDUO\ REVHUYDWLRQV DQG VXEVHTXHQW
VWXGLHVXVLQJ05LPDJLQJKDYHSURGXFHGPL[HGUHVXOWVVRPH
RI WKHP FRQVLVWHQW ZLWK WKH ILQGLQJV RI *DODEXUGD >@
ZKHUHDV RWKHU VWXGLHV KDYH QRW UHSOLFDWHG WKHVH UHVXOWV
>@ PRUSKRORJLFDO DEQRUPDOLWLHV LQ G\VOH[LD KDYH RIWHQ
EHHQ UHSRUWHG $W\SLFDO PRUSKRORJLFDO DV\PPHWU\ ZDV
REVHUYHG RXWVLGH WKH SODQXP WHPSRUDOH SURSHU LQFOXGLQJ WKH
HQWLUH WHPSRUDO OREH >@ WKH SDULHWDO RSHUFXOXP DQG %URFD¶V
DUHD >@ 7KH TXHVWLRQ RI WKH DQRPDO\ RI IXQFWLRQDO DQGRU
PRUSKRORJLFDO DV\PPHWULHV LQ G\VOH[LD WKXV UHPDLQV
FRQWURYHUVLDO DQG WKH RULJLQ IRU WKLV GLVFUHSDQF\ PLJKW UHIOHFW
WKH KHWHURJHQHLW\ RI WKH FRJQLWLYH SURILOHV RI WKH SDUWLFLSDQWV
LQFOXGHG LQ WKH GLIIHUHQW VWXGLHV ,QGHHG D VWXG\ GHVLJQHG WR
GLIIHUHQWLDWH EUDLQ DEQRUPDOLWLHV LQ SDUWLFLSDQWV ZLWK VSHFLILF
ODQJXDJHLPSDLUPHQW6/,FKDUDFWHUL]HGE\SRRURUDOODQJXDJH
VNLOOV DVVRFLDWHG ZLWK UHDGLQJ GHILFLWV YHUVXV G\VOH[LD
VXJJHVWHG WKDW V\PPHWULFDO EUDLQ VWUXFWXUHV DUH DVVRFLDWHG
ZLWK FRJQLWLYH SURILOHV VXFK DV 6/, ZKHUHDV G\VOH[LF
LQGLYLGXDOVKDYHDV\PPHWULFDOEUDLQVWUXFWXUHV>@7KLVUHVXOW
HPSKDVL]HGWKHQHHGIRUDFDUHIXOH[DPLQDWLRQRIWKHFRJQLWLYH
SURILOHV RI WKH SDUWLFLSDQWV DQG IXUWKHU LQYHVWLJDWLRQ RI WKH
PRUSKRORJLFDO DEQRUPDOLWLHV LQ G\VOH[LD 9R[HOEDVHG
PRUSKRPHWU\ 9%0 D PRUSKRPHWULF WHFKQLTXH WKDW HQDEOHV
WKHVHSDUDWLRQRIJUD\*0DQGZKLWHPDWWHU:0YROXPHVLV
XVHIXO IRU WKH LQYHVWLJDWLRQ RI PRUSKRORJLFDO DEQRUPDOLWLHV LQ
G\VOH[LD %UDPEDWL HW DO >@ UHSRUWHG UHGXFHG *0 YROXPHV
&HUHEUDO0RUSKRORJLFDO3ODVWLFLW\DQG'\VOH[LD
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ELODWHUDOO\ LQ WKHSODQXP WHPSRUDOH IXVLIRUPJ\UXVDQG LQ WKH
OHIW LQIHULRU DQG VXSHULRU WHPSRUDO J\UL DQG ULJKW PLGGOH
WHPSRUDOJ\UXV*UD\PDWWHUYROXPHFKDQJHVLQWKHOHIWDQGRU
ULJKWWHPSRUDOUHJLRQVZHUHFRQILUPHGWKURXJKGLIIHUHQWVWXGLHV
>@ )XUWKHUPRUH VWXGLHV DVVRFLDWHG ZLWK :0
DEQRUPDOLWLHV LQ G\VOH[LD VXFK DV 9%0 DQG GLIIXVLRQ WHQVRU
LPDJLQJ'7,VWXGLHVVKRZHGUHGXFWLRQVLQWKHYROXPHGHQVLW\
RU FRQQHFWLYLW\DORQJ WKHDUFXDWH IDVFLFXOXV LQFOXGLQJ%URFD¶V
DUHDDQGWKHWHPSRUDOFRUWH[>@
7KH UHODWLRQVKLS EHWZHHQ DQDWRPLFDO DV\PPHWULHV LQ
WHPSRUDO UHJLRQV DQG WKH EHKDYLRUDO GHILFLWV FRQVLVWHQWO\
REVHUYHG LQG\VOH[LDUHPDLQVXQFOHDUDQGFXUUHQWO\ WKHUHDUH
QR 9%0 VWXGLHV VSHFLILFDOO\ UHSRUWLQJ EUDLQ DV\PPHWU\
DEQRUPDOLWLHV LQ G\VOH[LF LQGLYLGXDOV +RZHYHU 9%0 FDQ EH
HIILFLHQWO\ XVHG WR GHULYH DV\PPHWU\ PDSV RI WKH FRUWLFDO
VXUIDFHDQGWRTXDQWLI\WKHPRUSKRORJLFDODV\PPHWU\REVHUYHG
LQWKHGLVWULEXWLRQRIWKH*0DQG:0>@7KXVWKHDLPRI
WKH SUHVHQW VWXG\ ZDV WR FRPSDUH WKH DV\PPHWU\ SDWWHUQV RI
WKH *0 DQG :0 YROXPHV DORQJ WKH VXSHULRU DQG PHGLDO
WHPSRUDO UHJLRQV LQ G\VOH[LF DGXOWV DQG QRUPDO UHDGHUV DQG
H[DPLQH WKH UHODWLRQVKLSEHWZHHQ WKHVHDV\PPHWULHVDQG WKH
VSHHFKLQQRLVH GHILFLW DVVRFLDWHG ZLWK G\VOH[LD 7KXV ZH
GLUHFWO\ FRPSDUHG WKH GLVWULEXWLRQ RI *0 DQG :0 LQ G\VOH[LF
DQG QRUPDO UHDGLQJ LQGLYLGXDOV DQG LQYHVWLJDWHG WKH





\HDUV 6'  DQG  QRUPDO UHDGHUV  IHPDOHV PHDQ
DJH  \HDUV 6'  SDUWLFLSDWHG LQ WKLV VWXG\ $OO
VXEMHFWV ZHUH ULJKWKDQGHG VFRUHV RI  RQ WKH (GLQEXUJK
+DQGHGQHVV ,QYHQWRU\ >@ ZLWK DXGLRPHWULF SXUHWRQH
WKUHVKROGVRIG%RQD IUHTXHQF\ UDQJH IURP WR
+]6WDWLVWLFDODQDO\VHVWWHVWDOO3!FRQILUPHGWKDWERWK
JURXSV GLG QRW VLJQLILFDQWO\ GLIIHU LQ DJH QRQYHUEDO,4 RU
KDQGHGQHVV 7DEOH  $OO G\VOH[LF LQGLYLGXDOV UHSRUWHG D
FKLOGKRRGKLVWRU\RIUHDGLQJVSHOOLQJGLVRUGHUVDQGDOOEXWRQH
SDUWLFLSDQWLQWKHQRUPDOUHDGHUVJURXSZHUHDOVRVFUHHQHGIRU
UHDGLQJ VSHOOLQJ SKRQRORJLFDO DQG YHUEDO VKRUWWHUP PHPRU\
DELOLWLHV 7KH SDUWLFLSDQWV UHSRUWHG QR KLVWRU\ RI SV\FKLDWULF RU
QHXURORJLFDO GLVRUGHUV ,Q DGGLWLRQ DOO SDUWLFLSDQWV SURYLGHG
ZULWWHQ LQIRUPHG FRQVHQW DQG ZHUH SDLG IRU SDUWLFLSDWLRQ 7KH
SURWRFROXVHGLQWKLVH[SHULPHQWZDVDSSURYHGWKURXJKDORFDO
HWKLFV FRPPLWWHH &33 6XG(VW ,9 /\RQ ,' 5&% 
$
3V\FKRPHWULFHYDOXDWLRQDQGVSHHFKLQQRLVHWHVW
7KH QRQYHUEDO ,4 ZDV DVVHVVHG XVLQJ 5DYHQ VWDQGDUG
SURJUHVVLYH PDWULFHV >@ $OO SDUWLFLSDQWV REWDLQHG QRUPDO
VFRUHV DERYH WKH WK SHUFHQWLOH VHH 7DEOH  LQ 5HVXOWV
VHFWLRQ 7KH UHDGLQJDJH ZDV DVVHVVHG XVLQJ WKH )UHQFK
µ/¶DORXHWWH¶ UHDGLQJ WHVW >@ DQG WKH QHXURSV\FKRORJLFDO
EDWWHU\2'('<6>@ZDVDGPLQLVWHUHGWRDOOSDUWLFLSDQWV7KLV
EDWWHU\ HYDOXDWHG UHDGLQJ DQG VSHOOLQJ PHWDSKRQRORJ\
7DEOH  3V\FKRPHWULF HYDOXDWLRQ VFRUHV LQ G\VOH[LF DQG
QRUPDOUHDGLQJSDUWLFLSDQWV
9DULDEOH   '\VOH[LFV
1RUPDO
5HDGHUV SYDOXH




IHPDOH     



















  7LPH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6SHOOLQJ 5HJXODU  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 
 ,UUHJXODU    
 3VHXGRZRUGV    
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DFURQ\PV DQG SKRQHPH GHOHWLRQ WHVWV YHUEDO VKRUWWHUP
PHPRU\YLVXDODWWHQWLRQDQGUDSLGDXWRPDWL]HGQDPLQJ
7KH SDUWLFLSDQWV DOVR SHUIRUPHG D VSHHFKLQQRLVH
LQWHOOLJLELOLW\WHVWLQYROYLQJWKHSHUFHSWLRQRIZRUGVSUHVHQWHGLQ
EDFNJURXQG EDEEOHQRLVH DFFRUGLQJ WR GLIIHUHQW OLVWHQLQJ
FRQILJXUDWLRQV7KHPDWHULDOVDQGSURFHGXUHVRI WKLV WHVWKDYH
EHHQ SUHYLRXVO\ GHVFULEHG >@ 7KH VWLPXOL LQFOXGHG 
GLV\OODELF ZRUGV HPEHGGHG LQ D V EDFNJURXQG RI WDONHUV
EDEEOH7DUJHWZRUGVZHUHVHOHFWHGLQDQLQWHUPHGLDWHUDQJHRI
OH[LFDOIUHTXHQFLHV±RFFXUUHQFHSHUPLOOLRQRSP
DYHUDJH  RSP 6'  7KH QXPEHU RI SKRQHPHV
DQG ZRUG IUHTXHQFLHV ZHUH FRXQWHUEDODQFHG EHWZHHQ WKH
FRQGLWLRQV 7KH EDFNJURXQG EDEEOHQRLVH FRPSULVHG 
LQGLYLGXDOYRLFHVUHFRUGHGLQDVRXQGSURRIURRPZKLOHUHDGLQJ
H[WUDFWHG SDVVDJHV RI D )UHQFK ERRN 7KH LQGLYLGXDO
UHFRUGLQJVZHUHPRGLILHGDFFRUGLQJWRWKHIROORZLQJSURWRFROL
UHPRYDORIVLOHQFHVDQGSDXVHVRIPRUHWKDQVLLGHOHWLRQRI
VHQWHQFHV FRQWDLQLQJ SURQXQFLDWLRQ HUURUV H[DJJHUDWHG
SURVRG\ RU SURSHU QRXQV LLL UHPRYDO RI ORZDPSOLWXGH
EDFNJURXQG QRLVH XVLQJ QRLVH UHGXFWLRQ RSWLPL]HG IRU VSHHFK
VLJQDOV &RRO(GLW 3UR  ± '\QDPLF 5DQJH 3URFHVVLQJ ±
SUHVHW 9RFDO OLPLWHU LY LQWHQVLW\ FDOLEUDWLRQ LQ G%$ DQG
QRUPDOL]DWLRQRIHDFKVRXUFHDWG%$DQGYILQDOPL[LQJRI
WKH  VRXUFHV 7KUHH OLVWHQLQJ FRQILJXUDWLRQV ZHUH XVHG
'LFKRWLF 0RQDXUDO DQG 6SDWLDOL]HG ,Q WKH 'LFKRWLF
FRQILJXUDWLRQWKHWDUJHWZRUGVZHUHSUHVHQWHGLQRQHHDUDQG
EDEEOHZDVSUHVHQWHGLQWKHRWKHUHDUDWWKHVDPHLQWHQVLW\,Q
WKH 0RQDXUDO FRQILJXUDWLRQ WKH WDUJHW VSHHFK DQG EDEEOH
EDFNJURXQGZHUHSUHVHQWHGLQRQHHDURQO\RQWKHULJKWVLGH
DW D VLJQDOWRQRLVH UDWLR RI  G% ,Q WKH 6SDWLDOL]HG
FRQILJXUDWLRQ WKH WDUJHW VSHHFKDQGEDEEOHEDFNJURXQGZHUH
SUHVHQWHG LQ ERWK HDUV EXW ZLWK DQ LQWHUDXUDO OHYHO GLIIHUHQFH
,/' IRU WKHEDFNJURXQGRIG% WKXVPLPLFNLQJD OLVWHQLQJ
7DEOHFRQWLQXHG
9DULDEOH   '\VOH[LFV
1RUPDO
5HDGHUV SYDOXH
0HPRU\VSDQ )RUZDUGGLJLW    
 %DFNZDUGGLJLW    
6SHHFKLQ
QRLVH 'LFKRWLF    
 0RQDXUDO    
 6SDWLDOL]HG    
6LJQLILFDQW JURXS GLIIHUHQFHV DUH LQGLFDWHG LQ EROG DQG ZLWK DQ DVWHULVN 9DOXHV




DQG PHPRU\ VSDQ ZHUH HYDOXDWHG XVLQJ WKH 2'('<6 WHVW >@ 7KH VSHHFKLQ
QRLVH WHVW ZDV DQ LQKRXVH GHYHORSHG WHVW >@ YDOXHV IRU HDFK JURXS LQGLFDWH
PHDQLQWHOOLJLELOLW\VRUHV LQWHOOLJLELOLW\5$1UDSLGDXWRPDWL]HGQDPLQJ
GRLMRXUQDOSRQHW
VLWXDWLRQ LQ ZKLFK WKH WDUJHW DQG EDFNJURXQG DUH VOLJKWO\
VHSDUDWHGLQVSDFH6WLPXOLZHUHSUHVHQWHGXVLQJKHDGSKRQHV
6HQQKHLVHU +'  63 DW D FRPIRUWDEOH KHDULQJ OHYHO 7KH
SDUWLFLSDQWVZHUHDVNHGWRUHSHDWWKHWDUJHWZRUGV,QWHOOLJLELOLW\
VFRUHVZHUHREWDLQHGDIWHUFDOFXODWLQJ WKHSURSRUWLRQRIZRUGV
FRUUHFWO\ UHSHDWHG $ WZRZD\ $129$ ZDV SHUIRUPHG ZLWK
*URXS1RUPDO5HDGHUVDQG'\VOH[LFVDVWKHEHWZHHQVXEMHFW





7KH 05, DFTXLVLWLRQ ZDV SHUIRUPHG DW /D 7LPRQH +RVSLWDO
0DUVHLOOHV )UDQFH XVLQJ D 7 %UXFNHU 0HGVSHF 
$9$1&( VFDQQHU 2QH ' VWUXFWXUDO LPDJH ZDV DFTXLUHG IRU





7R HYDOXDWH WKH PRUSKRORJLFDO GLIIHUHQFHV EHWZHHQ WKH
G\VOH[LFDQGW\SLFDOSDUWLFLSDQWVWKHVWUXFWXUDO7LPDJHVZHUH
XVHGWRSHUIRUPDYR[HOZLVHDQDO\VLVRIWKHWLVVXHDV\PPHWU\
GLUHFWO\ GHULYHG IURP WKH YR[HOEDVHG PRUSKRPHWU\ 9%0
DSSURDFK >@ LQYROYLQJ WKH FUHDWLRQ RI *0:0 DV\PPHWU\
PDSV DQG SHUIRUPDQFH RI EHWZHHQJURXS FRPSDULVRQV XVLQJ
WKHVH PDSV 7KH DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH 9%0
WRROER[ *DVHU KWWSGEPQHXURXQLMHQDGHYEP ZKLFK
HPSOR\V WKHXQLILHG VHJPHQWDWLRQDSSURDFK >@ LPSOHPHQWHG
LQ 630 :HOOFRPH 'HSDUWPHQW RI ,PDJLQJ 1HXURVFLHQFH
KWWSZZZILOLRQXFODFXNVSPVRIWZDUHVSP 7KLV PHWKRG
LQYROYHV D PXOWLSOHVWHS SURFHGXUH WKDW DOWHUQDWHV WLVVXH




FRQWUROV WKH TXDOLW\ RI WKH SURFHGXUH E\ FDOFXODWLQJ WKH






QRUPDOL]DWLRQ SURFHGXUH WDUJHWLQJ WKH VWDQGDUG 01, 7
WHPSODWH 7KH VWDQGDUG 630 VSDWLDO QRUPDOL]DWLRQ SURFHGXUH
ZDV SHUIRUPHG XVLQJ D SDUDPHWHU DIILQH OLQHDU
WUDQVIRUPDWLRQ DQG QRQOLQHDU ZDUSLQJ E\ GHVHOHFWLQJ WKH
'$57(/ RSWLRQ LQ 9%0 >@ -DFRELDQ PRGXODWLRQ ZDV
DSSOLHGWRSUHVHUYHWKHORFDO*0DQG:0YDOXHVDQGWKHYR[HO
YDOXHV ZHUH PXOWLSOLHG E\ WKH QRQOLQHDU FRPSRQHQWV RI WKH
UHJLVWUDWLRQ WR DFFRXQW IRU LQGLYLGXDO EUDLQ VL]H YDULDWLRQV :H
IOLSSHGWKH*0DQG:0PRGXODWHGLPDJHVDORQJWKHKRUL]RQWDO
SODQH [D[LV DQG DSSOLHG WKH IRUPXOD RULJLQDO  IOLSSHG
RULJLQDO  IOLSSHG XVLQJ SUHYLRXVO\ GHVFULEHG SURFHGXUHV
WR JHQHUDWH *0 DQG :0 DV\PPHWU\ PDSV >@ 7KH
&HUHEUDO0RUSKRORJLFDO3ODVWLFLW\DQG'\VOH[LD
3/2621(_ZZZSORVRQHRUJ  2FWREHU_9ROXPH_,VVXH_H




0RGHO */0 >@ LPSOHPHQWHG LQ630DFFRUGLQJ WRD WZR
VWHS SURFHGXUH ILUVW ZKROHEUDLQ GLIIHUHQFHV LQ WKH *0 DQG
:0GLVWULEXWLRQZHUHVHSDUDWHO\ LQYHVWLJDWHG IURPWKHVSHFLILF
WLVVXH PDSV DFURVV HDFK JURXS RI SDUWLFLSDQWV XVLQJ D RQH
VDPSOHWWHVWLQFOXGLQJDJHDQGJHQGHUDVFRYDULDEOHVRIQRQ
LQWHUHVW 7KH FOXVWHUOHYHO WKUHVKROG ZDV VHW DW3 ):(
FRUUHFWHG ZLWK D YR[HOOHYHO WKUHVKROG VHW DW 3
XQFRUUHFWHG $ FRUUHFWLRQ IRU WKH QRQVWDWLRQDULW\ RI
VPRRWKQHVVZDVDOVRDSSOLHGDOORZLQJFOXVWHUOHYHOVWDWLVWLFVLQ
9%0 GDWD 7KH VLJQLILFDQW GLIIHUHQFHV GLVSOD\HG RQ WKH ULJKW
VLGH RI WKH REWDLQHG PDSV UHSUHVHQWHG D ULJKWZDUG
PRUSKRORJLFDO DV\PPHWU\ 7KH 630 H[WHQVLRQ $QDWRPLFDO
$XWRPDWLF /DEHOLQJ $$/ >@ DQG ZKHQ UHTXLUHG 7DODLUDFK




VHW DW 3 ):(FRUUHFWHG DW WKH FOXVWHU OHYHO 7R EHWWHU
FKDUDFWHUL]H WKH REWDLQHG GLIIHUHQFHV LQ *0:0 DV\PPHWU\
ZH XVHG WKH *0:0 PRGXODWHG LPDJHV REWDLQHG DIWHU WKH
VHJPHQWDWLRQQRUPDOL]DWLRQ SURFHGXUH ZKLFK ZHUH VPRRWKHG
PP):+0 WRH[WUDFW*0:0YROXPHVDW WKH ORFDWLRQRI
WKH VLJQLILFDQW DV\PPHWU\ FOXVWHUV 7KLV DOORZHG WR EHWWHU
XQGHUVWDQGWKHRULJLQVRIWKHDV\PPHWU\GLIIHUHQFHV
)RUIXUWKHUVSHFLILFLQTXLUHVFRUUHODWLRQVWKHDQDO\VHVZHUH
SHUIRUPHG LQ WZRV\PPHWULF UHJLRQVRI LQWHUHVW 52,FRYHULQJ
WKH PLGGOH DQG VXSHULRU SDUWV RI WKH WHPSRUDO OREH 7KHVH
UHJLRQV ZHUH GHILQHG XVLQJ WKH 0DUVEDU 7RROER[ KWWS
PDUVEDUVRXUFHIRUJHQHW>@,QWKLVWRROER[WKHOHIWDQGULJKW
+HVFKO¶V VXSHULRU WHPSRUDO DQG PLGGOH WHPSRUDO J\UL ZHUH
VHOHFWHG IURP WKH $$/ GDWDEDVH DQG FRPELQHG WR IRUP WZR
ODUJH UHJLRQV WKH OHIW DQG ULJKW KHPLVSKHUHV ZKLFK FRYHUHG
WKH VXSHULRU DQG PLGGOH SDUWV RI WKH WHPSRUDO FRUWH[
6\PPHWULF 52,V ZHUH JHQHUDWHG DIWHU IOLSSLQJ HDFK UHJLRQ




OHYHO  ):(FRUUHFWHG $ FRUUHODWLRQ DQDO\VLV EHWZHHQ WKH
PRUSKRORJLFDOREVHUYDWLRQVDQGSHUIRUPDQFHRQWKHVSHHFKLQ




URRI HIIHFWV 7KHUHIRUH ZH GLG QRW DGG WKH UHVXOWV IURP WKH
RWKHU FRQGLWLRQV WR WKLV PRGHO ,Q HDFK JURXS WKH VSHHFKLQ





&RPSDUHG ZLWK WKH QRUPDO UHDGLQJ JURXS WKH G\VOH[LF
SDUWLFLSDQWV VKRZHG D FOHDU SURILOH RI UHDGLQJ LPSDLUPHQW
FRQIRUPLQJ WR WKH V\PSWRPDWRORJ\RI G\VOH[LD 7DEOH7KLV
SURILOHFRPSULVHGDVLJQLILFDQWO\ ORZHU UHDGLQJDJH '\VOH[LFV
PHDQ DJH  PRQWKV 6'  YV 1RUPDO 5HDGHUV
PHDQDJHPRQWKV6'3DVVRFLDWHGZLWKD
QRUPDOQRQYHUEDO,4LQERWKJURXSVDQGQRJURXSGLIIHUHQFHV
'\VOH[LFV DYHUDJH SHUFHQWLOH  6'  YV 1RUPDO
5HDGHUV DYHUDJH SHUFHQWLOH  6' 3  7KH
OLWHUDF\ VNLOOV RI G\VOH[LF LQGLYLGXDOV ZHUH FKDUDFWHUL]HG E\
ORQJHU UHDGLQJ WLPHV IRU UHJXODU ZRUGV 3 LUUHJXODU
ZRUGV 3 DQG SVHXGRZRUGV 3 7KH UHDGLQJ
DFFXUDF\ VKRZHG D WHQGHQF\ WRZDUGV D VLJQLILFDQW GLIIHUHQFH
IRUUHJXODUZRUGV3 DQGSVHXGRZRUGV3 QRW IRU
LUUHJXODU ZRUGV 3  7KH SKRQRORJLFDO VNLOOV ZHUH DOVR
DIIHFWHG LQSDUWLFLSDQWVZLWKG\VOH[LDZLWK ORZHUSHUIRUPDQFHV
DQG VSHHGV LQ WKH SKRQHPH GHOHWLRQ WDVN UHVSHFWLYHO\
3 DQG 3 DQG ORZHU VSHHGV IRU DFURQ\PV
3 '\VOH[LFV DOVR VKRZHG LPSDLUHG YHUEDO VKRUWWHUP
PHPRU\ ZLWK D VLJQLILFDQW GHILFLW LQ WKH IRUZDUG GLJLW VSDQ
30RUHRYHUG\VOH[LFSDUWLFLSDQWVH[KLELWHGQRUPDORUDO
PRWRUVNLOOVZLWKQRVLJQLILFDQWGHILFLWLQZRUGUHSHWLWLRQRUUDSLG
DXWRPDWL]HG QDPLQJ ERWK 3! DQG D GLIIHUHQFH LQ
SVHXGRZRUG UHSHWLWLRQ DFFXUDF\ VKRZLQJ D WHQGHQF\ WRZDUGV
VLJQLILFDQFH3 
7KH UHVXOWV RI WKH VSHHFKLQQRLVH LQWHOOLJLELOLW\ WHVW VHH




WKH 'LFKRWLF RU 6SDWLDOL]HG FRQGLWLRQV >@ 7KH VWDWLVWLFDO
DQDO\VHV UHYHDOHG D VLJQLILFDQW *URXS [ &RQILJXUDWLRQ
LQWHUDFWLRQ ) 3 KLJKOLJKWLQJ WKH SUHVHQFH
RI WKLV GHILFLW LQ WKH 0RQDXUDO FRQILJXUDWLRQ 1RUPDO 5HDGHUV
DYHUDJH LQWHOOLJLELOLW\ UDWH6' YV'\VOH[LFV




LGHQWLILHG DV H[KLELWLQJ D *0 GLVWULEXWLRQ DV\PPHWU\ 7DEOH 
DQG)LJXUHVKRZWKHUHVXOWVRIWKHZKROHEUDLQJURXSVSHFLILF
*0DV\PPHWU\DQDO\VLV
5HJLRQV VKRZLQJ VLJQLILFDQW OHIWZDUG DV\PPHWU\ LQYROYHG D
ODUJHFOXVWHUFHQWHUHGRQ WKH LQIHULRU WHPSRUDOJ\UXV OHIW ,7*





UHDGHUV DQG RQ WKH SXWDPHQ LQ G\VOH[LF SDUWLFLSDQWV 1RUPDO
5HDGHUVN YR[HOVSHDNDW01,>@'\VOH[LFVN
 YR[HOVSHDNDW01,>@2QHVLJQLILFDQWFOXVWHU
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7KH GLUHFW JURXS FRPSDULVRQ KRZHYHU VKRZHG WKDW WKLV
GLIIHUHQFHZDVQRWVLJQLILFDQWVHHEHORZ
5HJLRQVVKRZLQJD ULJKWZDUGPRUSKRORJLFDO*0DV\PPHWU\
UHYHDOHG D ODUJH FOXVWHU DW WKH IURQWLHU RI WKH ULJKW 67* DQG
07* GHYHORSLQJ DORQJ WKH ULJKW VXSHULRU WHPSRUDO VXOFXV
676 1RUPDO 5HDGHUV N    YR[HOV SHDN DW 01, >
@'\VOH[LFVN YR[HOVSHDNDW01,>@
$ VHFRQG ULJKWZDUG DV\PPHWULF FOXVWHU ZDV FHQWHUHG RQ WKH
ULJKW FHUHEHOOXP 1RUPDO 5HDGHUV N    YR[HOV SHDN DW
01,>@'\VOH[LFVN YR[HOVSHDNDW01,>
 @0RUHRYHUD ODUJHFOXVWHUZDVDOVRREVHUYHG LQ WKH
ULJKW,)*%$1RUPDO5HDGHUVN YR[HOVSHDNDW01,
>  @ '\VOH[LFV N    YR[HOV SHDN DW 01, > 
@&RPSOHWH*0DV\PPHWU\REVHUYDWLRQVDUHGHVFULEHG LQ
7DEOH
7KH GLUHFW EHWZHHQJURXS FRPSDULVRQ SHUIRUPHG RQ WKH
ZKROHEUDLQGDWDUHYHDOHGWKDWG\VOH[LFSDUWLFLSDQWVVKRZHGD
VLJQLILFDQW UHGXFWLRQ RI ULJKWZDUG DV\PPHWU\ LQ WKH
67*67607*FOXVWHUFRPSDUHGZLWKQRUPDOUHDGHUV3
FOXVWHUOHYHO):(FRUUHFWHGN YR[HOV7 7KHSHDN
RI WKLV DV\PPHWU\ GLIIHUHQFH ZDV ORFDWHG DW 01, >  @
VHH )LJXUH $ FRUUHVSRQGLQJ WR 7DODLUDFK¶V 67* %$ DW
WKH LQWHUIDFH EHWZHHQ 67* %$ DQG 07* %$ WKH 676
7KLV VLJQLILFDQW GLIIHUHQFH ZDV DVVRFLDWHG ZLWK DQ LQFUHDVH LQ
WKHYDULDELOLW\RIDV\PPHWU\RI*0GLVWULEXWLRQLQWKDWORFDWLRQLQ
WKH G\VOH[LF JURXS 3  RQ WKH /HYHQH WHVW RQ WKH
KRPRJHQHLW\ RI YDULDQFH )LJXUH % 7R EHWWHU FKDUDFWHUL]H
WKLV GLIIHUHQFH LQ *0 DV\PPHWU\ DQG FODULI\ LWV RULJLQ ZH
H[WUDFWHG WKH*0YROXPHVDW WKHSHDN ORFDWLRQRQERWKVLGHV
>   @ DQG LQ ERWK JURXSV )LJXUH & $ ZD\
$129$ *URXS +HPLVSKHUH FRQILUPHG WKH SUHVHQFH RI D
VLJQLILFDQW *URXS [ +HPLVSKHUH LQWHUDFWLRQ 3 DQG D
SRVWKRF /6' WHVW FRQILUPHG WKDW QRUPDO UHDGHUV VKRZHG
LQFUHDVHG*0YROXPHVRYHU WKH ULJKW676FRPSDUHGZLWK WKH
OHIWVLWH 3ZKLOHG\VOH[LFSDUWLFLSDQWVGLGQRWVKRZ WKLV
GLIIHUHQFH3 
,Q VXPPDU\ DPRQJVW EUDLQ UHJLRQV VKRZLQJ D *0
DV\PPHWU\ LQ ERWK JURXSV ZH LGHQWLILHG D ODUJH FOXVWHU
FRUUHVSRQGLQJ WR D ULJKWZDUG 676 DV\PPHWU\ :KHQ
FRPSDULQJ QRUPDO UHDGHUV WR G\VOH[LFV G\VOH[LFV VKRZHG
UHGXFHG *0 DV\PPHWU\ LQ WKLV UHJLRQ DQG QRUPDO UHDGHUV
VKRZHG VLJQLILFDQW DV\PPHWU\ GXH WR LQFUHDVHG *0 RQ WKH
ULJKWVLGH
9R[HOZLVHDQDO\VLVRIDV\PPHWU\:KLWH0DWWHU




'HWDLOHG UHVXOWV IURP WKH ZKROHEUDLQ DQDO\VLV LQ ERWK SDUWLFLSDQWV¶ JURXSV
6WDWLVWLFDOWKUHVKROGVVHWDW3):(FRUUHFWHGDWWKHFOXVWHUOHYHO5HVXOWVDUH





,Q ERWK JURXSV WKH :0 ZDV SULPDULO\ OHIWZDUG ODWHUDOL]HG









)LJXUH   7KH UHVXOWV IURP WKH JURXS GLIIHUHQFH DQDO\VLV IRU JUD\ PDWWHU DV\PPHWU\  $ VLJQLILFDQW JURXS GLIIHUHQFH
VXJJHVWLQJ WKDW G\VOH[LFV VKRZ UHGXFHG *0 DV\PPHWU\ DW >  @ % *0 DV\PPHWU\ YDOXHV UDZ VLJQDO LQWHQVLW\ YDOXHV
H[SUHVVHGLQDUELWUDU\XQLWVDW>@LQQRUPDOUHDGHUVDQGG\VOH[LFVLOOXVWUDWLQJWKHLQWHULQGLYLGXDOYDULDELOLW\RI*0GLVWULEXWLRQ






:0 FOXVWHU ZDV DFFRPSDQLHG E\ D VHFRQG ODUJH FOXVWHU
FRYHULQJWKH OHIWFHUHEHOODUKHPLVSKHUHDQGH[WHQGLQJ LQWRWKH




5HJLRQV VKRZLQJ D ULJKWZDUG :0 DV\PPHWU\ ZHUH OHVV
QXPHURXV DQG FRQFHUQHG D VPDOOHU FRUWLFDO YROXPH EXW ZHUH
ORFDWHGLQWKHEDVDOJDQJOLD1RUPDO5HDGHUVN YR[HOV
SHDN DW 01, >  @ JOREXV SDOOLGXV '\VOH[LFV N   
YR[HOV SHDN DW 01,   @ FDXGDWH QXFOHXV DQG IURQWDO
OREH 1RUPDO 5HDGHUV N    YR[HOV SHDN DW 01, > 
@ PHGLDO IURQWDO J\UXV '\VOH[LFV N    YR[HOV SHDN DW
01, >@ VXSHULRU IURQWDO J\UXV 2WKHU ULJKWZDUG :0
DV\PPHWULF FOXVWHUV FRPSULVHG WKHFDOFDULQH VXOFXV LQQRUPDO
UHDGHUVDQGWKHDQWHULRUFLQJXODWHFRUWH[LQG\VOH[LFV
%HWZHHQJURXS GLIIHUHQFHV LQ WKH :0 DV\PPHWU\ ZHUH
LQYHVWLJDWHGXVLQJD WZRVDPSOH WWHVWDW WKHZKROHEUDLQ OHYHO
XVLQJWKHVDPHWKUHVKROGLQJSDUDPHWHUV):(FRUUHFWHGDWWKH
FOXVWHU OHYHO 3 7KLV DQDO\VLV KRZHYHU UHYHDOHG QR





DQG :0 DV\PPHWU\ DQG WKH LQWHOOLJLELOLW\ VFRUHV LQ WKH
0RQDXUDO FRQILJXUDWLRQ DVVRFLDWHG ZLWK VLJQLILFDQW GHILFLW LQ
G\VOH[LFV %HFDXVH FRUUHODWLRQDO DQDO\VHV PD\ \LHOG UDWKHU
ODUJHIDOVHSRVLWLYHUDWHVZHUHVWULFWHGWKHVHDUFKRIVLJQLILFDQW
FRUUHODWLRQVWRWKHLQVLGHRIV\PPHWULFVXSHULRUWHPSRUDO52,V
)LJXUH 6 7KLV DQDO\VLV UHYHDOHG D VLJQLILFDQW SRVLWLYH
FRUUHODWLRQ EHWZHHQ WKH LQWHOOLJLELOLW\ VFRUHV LQ WKH 0RQDXUDO
FRQILJXUDWLRQDQG WKH OHIWZDUG:0DV\PPHWU\ LQ WKHSRVWHULRU
67*RIG\VOH[LFLQGLYLGXDOV)LJXUH$%&'\VOH[LFVN 
YR[HOVSHDNDW01,>@3):(FRUUHFWHGERWK
DW WKH FOXVWHU DQG WKH YR[HOOHYHO 69& 1R VLJQLILFDQW
FRUUHODWLRQ EHWZHHQ WKH *0 DV\PPHWU\ DQG VSHHFKLQQRLVH
LQWHOOLJLELOLW\PHDVXUHVZDVREVHUYHG
'LVFXVVLRQ
7KLV VWXG\ ZDV GHVLJQHG WR FKDUDFWHUL]H DQG FRPSDUH WKH
LQWHUKHPLVSKHULF FHUHEUDO DV\PPHWULHV RI JUD\ DQG ZKLWH
PDWWHU GLVWULEXWLRQ LQ G\VOH[LF DGXOWV DQG QRUPDO UHDGHUV DQG
HVWDEOLVK UHODWLRQVKLSV EHWZHHQ WKHVH PRUSKRORJLFDO
FKDUDFWHULVWLFV DQG WKH VSHHFKLQQRLVH SURFHVVLQJ GHILFLW
REVHUYHG LQ G\VOH[LD 7R DFKLHYH WKLV DLP ZH H[SORUHG WKH
GLVWULEXWLRQRI WKHGLIIHUHQW W\SHVRIEUDLQ WLVVXHXVLQJD9%0
EDVHG DV\PPHWU\ DQDO\VLV &RUUHODWLRQV ZLWK WKH VSHHFKLQ
QRLVH LQWHOOLJLELOLW\ PHDVXUHV ZHUH DOVR SHUIRUPHG WR H[DPLQH
WKHVWUXFWXUHIXQFWLRQUHODWLRQVKLSVLQERWKJURXSV
$V\PPHWU\DQDO\VHVLQWKH:0SULPDULO\LGHQWLILHGDOHIWZDUG
DV\PPHWU\ LQ WKH DUFXDWH IDVFLFXOXV D ZHOOFKDUDFWHUL]HG
JURXSRI:0EXQGOHVLQYROYHGLQWKHVSHFLDOL]DWLRQRIODQJXDJH
DQG VSHHFK LQ WKH OHIWKHPLVSKHUH RI WKH KXPDQ EUDLQ 1R
JURXS GLIIHUHQFH EHWZHHQ G\VOH[LFV DQG QRUPDO UHDGHUV
HPHUJHGWKHUHIRUHZHZLOOQRWIXUWKHUGLVFXVVWKLVDVSHFW7KH
UHVXOWV RI WKH *0 DV\PPHWU\ DQDO\VLV GHPRQVWUDWHG D
VLJQLILFDQW ULJKWZDUG *0 DV\PPHWU\ LQYROYLQJ D ODUJH FOXVWHU
FHQWHUHGDWWKHERUGHUEHWZHHQ67*%$DQG07*%$LQ
ERWK JURXSV RI SDUWLFLSDQWV LQLWLDWLQJ DORQJ WKH VXSHULRU
WHPSRUDO VXOFXV 676 DW WKH FDXGDO H[WUHPLW\ DQG H[WHQGLQJ
IRUZDUG WR DSSUR[LPDWHO\ WZRWKLUGV RI WKH OHQJWK RI WKH
WHPSRUDO OREH 7KLV REVHUYDWLRQ LV FRQVLVWHQW ZLWK SUHYLRXV
PRUSKRORJLFDO DV\PPHWU\ VWXGLHV WKDW FKDUDFWHUL]HG WKLV *0
DV\PPHWU\ >@ ,QWHUHVWLQJO\ LQ WKH SUHVHQW VWXG\ WKLV
PRUSKRORJLFDO DV\PPHWU\ ZDV DVVRFLDWHG ZLWK D VLJQLILFDQW
JURXS GLIIHUHQFH G\VOH[LF SDUWLFLSDQWV VKRZHG UHGXFHG *0











FRQVLVWHQW ZLWK IRUPHU REVHUYDWLRQV RI UHGXFHG IXQFWLRQDO
DV\PPHWU\ LQ G\VOH[LD SDUWLFXODUO\ LQ UHJLRQV DVVRFLDWHG ZLWK
DXGLWRU\ DQG VSHHFK SURFHVVLQJ >@ 0RUHRYHU
IXQFWLRQDODEQRUPDOLWLHVKDYHEHHQREVHUYHGLQG\VOH[LFDGXOWV
LQ WKH ULJKW 676 GXULQJ ZRUG SURFHVVLQJ >@ 7KLV ULJKWZDUG
PLG676 DV\PPHWU\ FRXOG GLUHFWO\ UHIOHFW WKH IXQFWLRQDO
VSHFLDOL]DWLRQ RI WKLV UHJLRQ IRU WKH SURFHVVLQJ RI YRLFH
LQIRUPDWLRQLQKXPDQV>@7KHORFXVLQZKLFKZHREVHUYHG
ULJKWZDUG DV\PPHWU\ ZDV WHUPHG WKH 7HPSRUDO 9RLFH $UHD
79$ GHVFULEHG E\ *URVVPDQ HW DO >@ DQG &KDUHVW HW DO
>@7KLVDUHD LVDFRXQWHUH[DPSOHRIDFRUWLFDO UHJLRQZLWKD
SRWHQWLDOO\ LPSRUWDQW UROH LQ VSHHFK SHUFHSWLRQ DQG D FOHDU
ULJKWZDUG IXQFWLRQDO DV\PPHWU\ >@ SRWHQWLDOO\ UHVXOWLQJ IURP
DQ XQGHUO\LQJ ULJKWZDUG PRUSKRORJLFDO DV\PPHWU\ LQ WKH *0
>@7KLVUHJLRQLVFOHDUO\VHQVLWLYHWRKXPDQYRLFHFRPSDUHG
ZLWK RWKHU FRPSOH[ EXW VFUDPEOHG VRXQGV ZLWKRXW WKH
KDUPRQLF VWUXFWXUHRI YRLFLQJ >@6SHFLILFDOO\ WKHDQWHULRU WR
PLG 67667* KDV EHHQ SUHYLRXVO\ OLQNHG WR SURFHVVHV
DVVRFLDWHG ZLWK UHFRJQL]LQJ DQG GLUHFWLQJ DWWHQWLRQ WRZDUG
YRLFH FKDUDFWHULVWLFV ZKHQ KHDULQJ VSHHFK >@ )XUWKHUPRUH
WKLV UHJLRQ PLJKW DOVR EH LQYROYHG LQ WKH SURFHVVLQJ RI
FRPSHWLQJDXGLWRU\VRXUFHV>@DQGFRXOGWKHUHIRUHSOD\DUROH
LQWKHSURFHVVLQJRIPDVNHGVSHHFK>@7KHULJKW676PLJKW
SOD\ DQ LPSRUWDQW UROH LQ WKH FRUWLFDO QHWZRUN GXULQJ WKH
FRFNWDLOSDUW\ HIIHFW SDUWLFXODUO\ GXULQJ VSHHFKLQVSHHFK
FRPSUHKHQVLRQ ,Q WKLV VLWXDWLRQ WKH VWUHDPLQJ RI LQGLYLGXDO
YRLFHV EDVHG RQ WKH SURFHVVLQJ RI IXQGDPHQWDO IUHTXHQFLHV
7DEOH:KLWHPDWWHUDV\PPHWULHV
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LH I FKDUDFWHULVWLFV LV NH\ WR VXFFHVVIXOO\ PDLQWDLQLQJ
LQWHOOLJLELOLW\ LQ DQ HQYLURQPHQW ZKHUH PXOWLSOH YRLFHV DUH
SUHVHQW WRJHWKHU >@ ,QGHHG WKLV OLVWHQLQJ VLWXDWLRQ
FRQVWLWXWHV D WKUHHIROG FKDOOHQJH LQYROYLQJ WKH LQWHJUDWLRQ RI
OLQJXLVWLF VSDWLDO ORFDOL]DWLRQ DQG DXGLWRU\ REMHFW LGHQWLILFDWLRQ
SURFHVVHV&RQVLVWHQWO\$OWPDQQHWDOVKRZHGXVLQJGLIIHUHQW
DQLPDOYRFDOL]DWLRQVWKDWFRXOGFKDQJHHLWKHUWKHQDWXUHRUWKH
VSDWLDO ORFDWLRQ RI WKH VRXUFH WKDW WKH ULJKW 676 ZDV KLJKO\
VHQVLWLYH WR FKDQJHV LQ WKH LGHQWLW\ RI WKH DXGLWRU\ REMHFW
UHSUHVHQWHG DQG OHVV VHQVLWLYH WR FKDQJHV LQ VSDWLDO SRVLWLRQ
>@7KHUHIRUHWKHULJKW676UHJLRQLVVSHFLILFDOO\HQJDJHG
LQWKHUHFRJQLWLRQDQGLGHQWLILFDWLRQRIFRPSOH[DXGLWRU\REMHFWV
EHORQJLQJ WR GLIIHUHQW VHPDQWLF FDWHJRULHV >@ 7KH ULJKW
676 ZRXOG WKHUHIRUH EH UHVSRQVLEOH IRU WKH REMHFWIROG RI WKH







SURFHVVLQJ RI VSHHFK UK\WKPV DQG LQWRQDWLRQ >@ 7KH
SURFHVVLQJRI LQWRQDWLRQSULPDULO\ UHOLHVRQ YDULDWLRQV LQ SLWFK
FRQWRXUVIZKHUHDVWKHSURFHVVLQJRIVSHHFKUK\WKPUHOLHV
RQ WKH SURFHVVLQJ RI VORZ PRGXODWLRQV HQYHORSH 1RWDEO\




DQ LQYROYHPHQW RI WKH ULJKW 676 LQ WKH VSHHFKLQQRLVH
SHUFHSWLRQGHILFLWLQG\VOH[LDDVVORZPRGXODWLRQVDUHDFUXFLDO
FXHLQWKHSURFHVVLQJRIVSHHFKLQQRLVH>@7KHTXHVWLRQRI
WKH FDXVDO UHODWLRQ EHWZHHQ G\VOH[LD DQG PRUSKRORJLFDO JUD\
PDWWHU SODVWLFLW\ UHPDLQV 7KHUHIRUH DGGLWLRQDO VWXGLHV DUH
QHHGHGWRFODULI\WKLVLVVXH
7KH VHFRQG PDMRU REVHUYDWLRQ LQ WKLV VWXG\ ZDV WKH
SUHVHQFH RI D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ WKH VSHHFKLQ
QRLVH DELOLWLHV LQ WKH G\VOH[LF JURXS DQG WKH :0 OHIWZDUG
DV\PPHWU\ LQ WKHSRVWHULRU67* LQGLFDWLQJWKDWZKHQWKH:0
ZDV PRUH OHIWZDUG DV\PPHWULF LQ G\VOH[LF LQGLYLGXDOV WKH
SHUIRUPDQFHZDVEHWWHULQWKHVSHHFKLQQRLVHWHVW7KLVUHVXOW
ZDV FRQVLVWHQW ZLWK D QXPEHU RI VWXGLHV VKRZLQJ WKH
LQYROYHPHQW RI WKH OHIW VXSHULRU WHPSRUDO UHJLRQV LQ VSHHFK
SURFHVVLQJ 6SHFLILFDOO\ VXSHULRU WHPSRUDO DFWLYDWLRQV LQ I05,
VWXGLHV KDYH EHHQ REWDLQHG ZKHQ KHDULQJ VSHHFKLQQRLVH
>@ )RU H[DPSOH =HFNYHOG HW DO >@ VKRZHG WKDW LQ
GLIILFXOW OLVWHQLQJVLWXDWLRQVVXFKDV IRUD G%615YHUVXVD
G%615WKHUHZDVDFWLYDWLRQLQWKHOHIWSRVWHULRU67*:H
GLG QRW REVHUYH WKH VDPH FRUUHODWLRQ LQ WKH QRUPDOUHDGHUV
JURXSOLNHO\UHIOHFWLQJDODFNRIYDULDELOLW\LQWKHUHVXOWVIURPWKH
VSHHFKLQQRLVH WHVW IRU WKLV JURXS DV REVHUYHG LQ 7DEOH 
7KLV UHJLRQ FRUUHVSRQGV WR WKH FDXGDO DVSHFW RI %$
:HUQLFNH¶V DUHD ZKLFK LV D PDMRU HQG RI WKH DUFXDWH
IDVFLFXOXV LWV DXGLWRU\SKRQRORJLFDO HQG 7KH FRUUHODWLRQ
)LJXUH   7KH UHVXOWV RI WKH FRUUHODWLRQ DQDO\VLV EHWZHHQ WKH VSHHFKLQQRLVH LQWHOOLJLELOLW\ VFRUHV LQ WKH 0RQDXUDO
FRQILJXUDWLRQDQG:0DV\PPHWU\ LQG\VOH[LFSDUWLFLSDQWV $EHKDYLRUDO UHVXOWVRI WKHVSHHFKLQQRLVHFRPSUHKHQVLRQ WHVW
7KH LQWHOOLJLELOLW\ RI WKH LQGLYLGXDO ZRUGV SUHVHQWHG LQ D WDONHUV EDEEOH QRLVH LQ WKUHH OLVWHQLQJ FRQGLWLRQV 'LFKRWLF 0RQDXUDO
6SDWLDOL]HG%&RUUHODWLRQEHWZHHQ WKH VSHHFKLQQRLVH FRPSUHKHQVLRQ VFRUHVDQG:0DV\PPHWU\DW >  @ IRU G\VOH[LF





EHWZHHQZKLWHPDWWHUGHQVLW\DW WKLV ORFDWLRQDQG WKHVSHHFK
LQQRLVH GHILFLW PLJKW UHIOHFW WKH SKRQRORJLFDOOLQJXLVWLF
FRPSRXQG RI WKH VSHHFKLQQRLVH GHILFLW :KHQ OLVWHQLQJ WR
VSHHFK WKLV UHJLRQ LV RIWHQ DVVRFLDWHG ZLWK SKRQRORJLFDO
SURFHVVLQJ DQG WKH LGHQWLILFDWLRQ RI SKRQHPHV LQ VSHHFK
VWUHDPV:KHQ OLVWHQLQJ WRVSHHFK LQQRLV\HQYLURQPHQWV WKH
IXQFWLRQDO FRQQHFWLYLW\ EHWZHHQ WKHVH UHJLRQV DQG WKH IURQWDO
UHJLRQV DW WKH RWKHU HQG RI WKH DUFXDWH IDVFLFXOXV LQFUHDVHV
>@DVPRWRUUHSUHVHQWDWLRQVRIVSHHFKDUHUHFUXLWHGWR
IDFLOLWDWH LQWHOOLJLELOLW\ $ ODFN RI :0 LQ WKLV UHJLRQ PLJKW EH
DVVRFLDWHG ZLWK GLIILFXOWLHV LQ VSHHFKLQQRLVH FRPSUHKHQVLRQ
WDVNVDQG LVXOWLPDWHO\DVVRFLDWHGZLWKWKHSKRQRORJLFDOGHILFLW
REVHUYHG LQ G\VOH[LD KRZHYHU DGGLWLRQDO VWXGLHV DUH QHHGHG
WRIXUWKHULQYHVWLJDWHWKHVHDVSHFWV
7KH LQWHUSUHWDWLRQRI WKH UHVXOWVRI WKLV9%0EDVHGDQDO\VLV
VKRXOG EH FDUHIXOO\ XQGHUWDNHQ ,QGHHG 9%0 GLG QRW SURYLGH
LQIRUPDWLRQ RQ WKH PLFURVFRSLF VWUXFWXUHV LQ WKH FRUWLFDO
UHJLRQVDQG WKH UHVXOWVZHUHQRWVSHFLILF WRXQGHUO\LQJ WLVVXH
SURSHUWLHV 7KH GHVFULEHG FKDQJHV PLJKW UHIOHFW QRW RQO\
PRGLILFDWLRQV LQ QHXURQDO GHQVLW\ EXW PD\ DOVR LQGLFDWH RWKHU
FHOOXODU PRGLILFDWLRQV VXFK DV GLIIHUHQFHV LQ WKH GHQVLW\ DQG
VL]H RI RWKHU FHOO W\SHV P\HOLQDWLRQ RU YDVFXODUL]DWLRQ >@
7KXVDGGLWLRQDOVWXGLHVDUHUHTXLUHGWRXQGHUVWDQGWKHSUHFLVH
FHOOXODU EDVLV XQGHUO\LQJ G\VOH[LD ,Q WKLV IUDPHZRUN VWXGLHV
FRPELQLQJWKHXVHRIGLIIHUHQWQHXURLPDJLQJWHFKQLTXHVI05,
9%0 '7, DQG PRUH SUHFLVH DQDWRPLFDO WHFKQLTXHV VXFK DV




WKH PRUSKRORJLFDO GHILFLWV LQ G\VOH[LD 2XU PDMRU ILQGLQJV
FRQILUPHG ERWK WKH SUHVHQFH RI D VLJQLILFDQW GHILFLW LQ WKH
SHUFHSWLRQ RI PDVNHG VSHHFK DQG WKH H[LVWHQFH RI *0
DEQRUPDOLWLHV LQ UHJLRQV WUDGLWLRQDOO\ DVVRFLDWHG ZLWK VSHHFK
SURFHVVLQJ 0RUHRYHU WKHVH UHVXOWV H[WHQG WKH ILQGLQJV RI
SUHYLRXVVWXGLHVVKRZLQJ*0DQG:0YROXPHUHGXFWLRQLQWKH
VXSHULRU WHPSRUDO UHJLRQV DQG KLJKOLJKWLQJ WZR LPSRUWDQW
SRLQWV ILUVW WKH ULJKWZDUG *0 DV\PPHWU\ LV UHGXFHG LQ WKH
676 D UHJLRQ LQYROYHG LQ SURFHVVLQJ IXQFWLRQV VXFK DV
VSHHFKLQQRLVH RU DXGLWRU\ WHPSRUDO SURFHVVLQJ ZKLFK DUH
LPSDLUHG LQ G\VOH[LD 6HFRQG VSHHFKLQQRLVH DELOLWLHV DUH
GHSHQGHQW RQ WKH :0 DV\PPHWU\ RI WKH DXGLWRU\ UHJLRQV DW
OHDVW LQ WKH G\VOH[LF JURXS 7KHVH UHVXOWV VXJJHVW SRWHQWLDOO\
LPSDLUHGSURFHVVLQJLQVHFRQGDU\DXGLWRU\UHJLRQVUHVXOWLQJLQ
GLIILFXOWLHV LQ VSHHFKLQQRLVHFRPSUHKHQVLRQ7DNHQ WRJHWKHU
WKHVH ILQGLQJV FOHDUO\ KLJKOLJKW WKH QHFHVVLW\ RI IXQFWLRQDO
PHDVXUHV IRU WKHVHUHJLRQVGXULQJVSHHFKLQQRLVHSHUFHSWLRQ
WR EHWWHU FKDUDFWHUL]H WKH LQYROYHPHQW RI WKHVH DUHDV LQ WKH
GHILFLWSUHVHQWLQG\VOH[LD
6XSSRUWLQJ,QIRUPDWLRQ




7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH G\VOH[LF DGXOWV DQG
LQGLYLGXDOV LQ WKH FRQWURO JURXSZKRSDUWLFLSDWHG LQ WKLV VWXG\
7KH DXWKRUV ZRXOG DOVR OLNH WR WKDQN -HDQ/XF $QWRQ 0XULHO
5RWK DQG %UXQR 1D]DULDQ IURP WKH µ%UDLQ ,PDJLQJ &HQWHU /D
7LPRQH¶ 0DUVHLOOHV IRU LQYDOXDEOH KHOS ZLWK WKH I05, GDWD
FROOHFWLRQ DQG DQDO\VHV DQG 'U (YHO\QH 9HXLOOHW DQG $XURUH
*DXWUHDXIRUDGGLWLRQDODVVLVWDQFHZLWKWKHGDWDFROOHFWLRQDQG
VWLPXOL JHQHUDWLRQ 0RUHRYHU WKH DXWKRUV WKDQN WKH WKUHH
DQRQ\PRXV UHYLHZHUV IRU LQYDOXDEOH DVVLVWDQFH ZLWK WKH
SUHYLRXVYHUVLRQVRIWKHPDQXVFULSW
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV 0' )0 0+
3HUIRUPHG WKH H[SHULPHQWV 0' $QDO\]HG WKH GDWD 0' 0+
&RQWULEXWHG UHDJHQWVPDWHULDOVDQDO\VLV WRROV 0' 0+ :URWH
WKHPDQXVFULSW0'0+)0
5HIHUHQFHV
 6KD\ZLW] 6  2YHUFRPLQJ G\VOH[LD 1HZ <RUN 86$ 9LQWDJH
%RRNV
 )UDXHQKHLP-*$FDGHPLFDFKLHYHPHQWFKDUDFWHULVWLFVRIDGXOW
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